Serine to cysteine mutations in trp repressor protein alter tryptophan and operator binding.
The tryptophan repressor regulates expression of the aroH, trpEDCBA, and trpR operons in Escherichia coli. The protein contains no cysteine residues, and the presence of this reactive side chain would allow introduction of spectral probes to monitor binding reactions. Three mutant trp aporepressors, each with a point mutation from serine to cysteine, were produced at positions 67, 86, and 88 by oligonucleotide-directed site-specific mutagenesis. This single conservative substitution affected both tryptophan and operator DNA affinities in all three purified proteins. Cysteine substitution for serine at position 67 decreased tryptophan binding by approximately 6-fold and the operator DNA affinity by approximately 50-fold. The proximity of this amino acid to Gln-68 which is involved in binding to operator DNA (Otwinowski, Z., Schevitz, R. W., Zhang, R.-G., Lawson, C. L., Joachimiak, A., Marmorstein, R. Q., Luisi, B. F., and Sigler, P. B. (1988) Nature 335, 321-329) may account for this effect. Substitution at position 86 diminished tryptophan binding by approximately 4-fold and operator DNA binding by approximately 130-fold. The participation of Ser-86 in the hydrogen bond network required for operator binding (Otwinowski, Z., Schevitz, R. W., Zhang, R.-G., Lawson, C. L., Joachimiak, A., Marmorstein, R. Q., Luisi, B. F., and Sigler, P. B. (1988) Nature 335, 321-329) presumably accounts for the DNA binding effects. The diminished corepressor activity in these two mutants may derive from distortions of the binding region, as the tryptophan and DNA binding sites are intimately related. The mutation at position 88 altered tryptophan binding the most of the three mutants (approximately 18-fold) and operator binding least (approximately 12-fold). Ser-88 forms a hydrogen bond with the amino group of bound tryptophan (Schevitz, R. W., Otwinowski, Z., Joachimiak, A., Lawson, C. L., and Sigler, P. B. (1985) Nature 317, 782-786), and alteration of the geometry of the side chain would be anticipated to perturb the topology of the binding site. The diminished operator affinity may derive from improper alignment of the tryptophan ligand, crucial for high affinity operator binding (Otwinowski, Z., Schevitz, R. W., Zhang, R.-G., Lawson, C. L., Joachimiak, A., Marmorstein, R. Q., Luisi, B. F., and Sigler, P. B. (1988) Nature 335, 321-329).(ABSTRACT TRUNCATED AT 400 WORDS)